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METHOD OF DETERMINING THE FORMATION FACTOR OF AN 
UNDERGROUND RESERVOIR FROM MEASUREMENTS ON DRILL CUTTINGS 
TAKEN THEREFROM 



The present invention relates to a method and to a device for determining the 
formation factor of underground zones from rock cuttings taken to the surface during 
well drilling operations through underground reservoirs. 

In the sphere of petrophysical characterization, there is a very important datum 
which conditions the interpretation of electric logs for evaluation of the water saturation 
in reservoirs: the factor referred to as Formation Factor (FF in short hereafter), which is 
defined as the ratio of the conductivity of a conducting liquid alone (a w ) to the 
conductivity of the porous medium saturated with this conducting liquid (ao), i.e.: 



Brine or another equivalent conducting liquid is preferably used as the conducting 
liquid. 

Knowledge of this formation factor allows operating companies to obtain a first 
petrophysical characterization of a reservoir shortly after drilling the well and, 
consequently, good evaluation of the amounts of hydrocarbons in place. 



With current techniques, the formation factor is obtained by means of laboratory 
measurements on reservoir cores. These methods are expensive because of the cost of 
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the coring operation and of the measurement itself, and the results are available only 
several months after drilling. 

Acquisition of the experimental conductivity measurements on cores is based on a 
conventional material used in most petrophysics laboratories, and already implemented 
5 for example in patent FR-2,78 1,573 (US-6,229,312) filed by the applicant, or in the 
following publication: 

- Sprunt, E.S., Maute, R.E., Rackers, C.L: "An Interpretation of the SCA Electrical 
Resistivity", The Log Analyst, pp.76-88, March- April 1990. 

In order to overcome the high cost problem and the relatively long time required to 
1 0 obtain a measurement, techniques of calculating the formation factor from drill cuttings 
were developed. For example, patent US-2, 583,284 describes various methods for 
determining the formation factor from conductivity measurements carried out on drill 
cuttings. However, these techniques are very restricting on an experimental plane and 
the measurements relatively long to obtain. 

1 5 SUMMARY OF THE INVENTION 

The invention relates to a method of determining, in a simple and fast way, without 
the problems linked with the previous techniques, the formation factor of an 
underground zone from drill cuttings taken to the wellbore surface, comprising using a 
device including a cell (1) suited to contain cuttings and provided with electrodes 
20 connected to a device for measuring the conductivity of the cell content. The method 
comprises at least the following stages: 

- cleaning said cuttings before setting them in the cell, 
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- filling the cell with a first electrolyte solution (A) of known conductivity (cta) so as to 
saturate the cuttings with this first electrolyte solution (A), 

- measuring the global electrical conductivity (ct*a) of the cell with the content thereof, 

- discharging the first electrolyte solution (A) remaining between the cuttings from the 
5 cell, 

- filling the cell with a second electrolyte solution (B) of known conductivity (a B ), 

- determining the global electrical conductivity (a*e) of the cell containing second 
electrolyte solution (B) and the cuttings saturated with first electrolyte solution (A), 

- deducing therefrom the cuttings formation factor (FF) from the previous 
1 0 measurements . 

According to the invention, the cuttings can be saturated with carbon dioxide by 
injection of this gas into the cell, prior to filling the cell with first electrolyte solution 
(A). 

The electrolyte solutions can be brines of different concentrations, the concentration 
1 5 and the conductivity of first electrolyte solution (A) can be higher than those of second 
solution (B). 

According to the invention, first electrolyte solution (A) remaining between the 
cuttings can be discharged from the cell by gravity draining. 

First electrolyte solution (A) can also be discharged by injection of air. In this case, 
20 the pressure of the air injected can be determined according to the pore size of the 
cuttings. 

In the case of gravity draining, it can be improved by capillary desorption. 
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Capillary desorption can be carried out by means of a semipermeable membrane 
allowing passage of the first electrolyte solution but not of the air. 

Finally, according to the invention, the formation factor can be determined from the 
mean field theory. 

5 The invention also relates to a device for implementing the method described 

above. This device comprises: 

- means of saturating the cuttings contained in the cell with CO2, 

- means intended for fast draining of the electrolyte solution contained between the 
cuttings. 

10 According to the invention, said draining means of the device can include a 

semipermeable membrane, permeable to the brine and impermeable to air. 

BRIEF DESCRIPTION OF THE FIGURES 

Other features and advantages of the invention will be clear from reading the 
description hereafter, with reference to the accompanying figures wherein: 

15 - Figure 1 diagrammatically shows a conductivity measuring device with four 
electrodes, 

- Figure 2 illustrates state A first obtained by filling the cell containing the drill cuttings 
with a first liquid A, 

- Figure 3 illustrates state B obtained thereafter after changing liquid A for another 
20 liquid B, 

- Figure 4 illustrates experimental data showing a long-time conductivity signal drift 
after a draining operation, 
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- Figure 5A shows, in form of a crossed diagram, the results obtained with the self- 
similar approach, 

- Figure 5B shows, in form of a crossed diagram, the results obtained with the derivative 
approach, and 

5 - Figure 6 shows a comparative table of the results obtained with the two methods 
considered (self-similar and derivative) from the cuttings and with the reference 
measurements obtained from experiments on cores. 

DETAILED DESCRIPTION 

The method according to the invention, intended for fast determination of the FF 
10 from drill cuttings, is based on the acquisition of experimental data obtained by 
measuring the conductivity of the cuttings under various conditions. When measuring 
the electrical conductivity of a cell containing rock fragments, the conductivity depends 
on the conductivity of the rock fragments and of the liquid contained between the 
fragments. The method provided allows to interpret the experimental measurements in 
15 terms of FF using theoretical models. Two application instances are provided. They 
show the very good agreement between the FF values obtained from cores and the FF 
values obtained from fragments of these cores over a wide FF range. 

The invention provides a method and a device allowing fast and rigorous 
calculation of the formation factor by means, among other things, of conductivity 
20 measurements performed with two conducting liquids that can be miscible. 

According to an embodiment of the invention, the two miscible conducting liquids 
used are brines of different concentrations: 
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- liquid A: brine with a 75 g/1 salt concentration, which corresponds to a conductivity of 
9.88 (Ohm.m)- 1 , 

- liquid B: brine with a 25 g/1 salt concentration, which corresponds to a conductivity of 
3.81 (Ohm.m)" 1 and gives a conductivity contrast of a factor 3 approximately. 

5 Brine is understood to be an electrolyte solution allowing conductivity 

measurements to be readily obtained. 

The general principle of the method according to the invention is based on the 
measurement of four conductivities: 

1 . The conductivity of the first electrolyte solution (a A ) 

10 2. The conductivity of the cell filled with the first electrolyte solution and the 

cuttings saturated with this first solution (a* a) 

3. The conductivity of the second electrolyte solution (a B ) 

4. The conductivity of the cell filled with the second electrolyte solution and the 
cuttings saturated with the first solution (<t*b). 

1 5 Experimental data acquisition 

The device allowing acquisition of the measurements within the scope of the 
implementation of the invention is diagrammatically shown in Figure 1. It mainly 
consists of a 3-cm long containment cell (1) of circular surface area 9.48 cm 2 , which 
gives a total volume of about 30 cm 3 . This corresponds to approximately 15 cm 3 rock 
20 once the cell filled. This cell is made of a non-conducting material. It is closed at the 
opposite ends thereof by two end parts 2, 3 made of a conducting material. A variable- 
frequency generator 4 is connected between end parts 2, 3 and the current applied 
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thereby is measured by an ammeter 5. Electrodes 6, 7 connected to a voltmeter 8 are 
arranged at two points spaced out along the body of cell 1 . A pump 9 allows liquids to 
be fed into the cell. 

Cell 1 is first filled with the drill cuttings, previously cleaned and dried, and carbon 
5 dioxide until saturation of the cuttings with carbon dioxide is obtained. The volume of 
gas injected is such that all the pores of the cuttings are filled with carbon dioxide. The 
goal of this operation is to improve the saturation of the cuttings by the brine by means 
of the mechanisms of diffusion of the C0 2 in the air and of dissolution of the C0 2 in the 
brine, and not by air vacuum, which is more difficult to achieve. 

10 The cell is thereafter completely filled with a conducting liquid A (a brine of known 

concentration and therefore known conductivity) till complete saturation of the cuttings 
by dissolution of the C0 2 in the brine, and the global conductivity of the cell and of the 
content thereof, denoted by a* A , is measured. This state, referred to as state A, is shown 
in Figure 2 where IA represents liquid A in the inter-cuttings space and DA represents 

1 5 liquid A in the cuttings. 

Liquid A is then discharged by gravity draining and under air pressure (or under 
brine underpressure). The pressure to be exerted depends on the maximum size of the 
cuttings pores. In fact, too high a pressure would desaturate, even partly, the cuttings. 
This pressure should therefore be neither too high (partial desaturation of the cuttings) 
20 nor too low to limit the presence of liquid A in the inter-cuttings space. It can be readily 
calculated from Laplacian formulas. 

In order to facilitate drainage of the inter-cuttings brine while keeping the cuttings 
saturated, it is also possible to carry out in addition capillary desorption of the inter- 
cuttings space occupied by liquid A, by means of a semipermeable membrane. Drainage 



of the inter-cuttings brine is then controlled by the presence of this membrane which 
allows passage of the brine but not of the air. An air pressure is applied to the cell so as 
to drive the inter-cuttings brine out without desaturating the rock. A 10-mbar pressure 
(that can be controlled by a water level imposed in a 10-cm capillary) then provides 
5 good drainage of the inter-cuttings space without desaturating the rock, and over a wide 
permeability range (the air must not be able to enter the largest existing pore of the 
porous medium whose size corresponds to what is referred to as the input pressure). 

Then, after this fast (air pressure-assisted gravity drainage) and efficient draining 
(use of a semipermeable membrane and of an air pressure), the cell is filled with another 
10 conducting liquid B (brine of lower concentration than brine A) without changing the 
nature of the liquid (brine A) saturating the cuttings. 

The measurements have to be achieved before diffusion of liquid B occurs in the 
pores of the cuttings by modifying the saturation. 

In practice, the time available for measurements is deduced from the comparison 
1 5 between the diffusion time and the drainage time. Figure 4 illustrates experimental data 
showing a long-time (in mn on the abscissa axis) drift of the conductivity signal 
(voltage in mV on the ordinate axis) after a draining operation (t=0). It clearly shows 
that the effect (voltage drop) of the diffusion of the inter-cuttings brine is not a fast 
phenomenon. More than one hour is required before a notable effect can be observed on 
20 the results. Figure 4 therefore confirms that fast draining techniques are operational for 
applying the method to two miscible liquids. 

At the end of this stage, cuttings saturated with liquid A thus soak in a liquid B. The 
global conductivity of the system, denoted by <t*b, is then measured. This stage, 
referred to as state B, is shown in Figure 3 where IB represents liquid B in the inter- 
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cuttings space and DA liquid A in the cuttings. Furthermore, the cuttings have not been 
removed from the cell during draining and filling with second liquid B, which allows to 
keep the shape of the porous medium and thus to make the measurements more reliable 
(equivalent measurements between state A and state B). The two liquids used being 
5 brines, no particular experimental precaution has to be considered. 

If brines of known salinity such as liquids A and B are used, the value of their 
conductivity can be deduced from tables such as those that can be found in the 
following publication: 

- Worthington A.E., Hedges J.H., Pallatt N.: "SCA Guidelines for sample preparation 
10 and porosity measurement of electrical resistivity samples", The Log Analyst, pp. 20-28, 
January-February 1990. 

In a more general case, it is also possible to directly measure the value of the 
conductivity of liquids A and B by means of a conductimeter. a A and qb thus represent 
the conductivities of liquids A and B alone. 

15 In the procedure used, it is advantageous to use first the more salted and the more 

conducting brine, and to replace the inter-cuttings space by the less salted brine. This 
allows to keep the more conducting liquid in the rock so as to favour the accuracy of the 
FF measurement. 

Experimental results interpretation in terms of FF 

20 We consider that the whole of the volume is occupied by 2 types of media 1 and 2. 

The volume fraction of medium 1 is denoted by x and the volume fraction of medium 2 
by y, equal to 1-x. We consider throughout the description hereafter that medium 1 
represents inter-cuttings liquid A or B, and medium 2 the saturated rock cuttings. The 
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conductivities of each medium, inter-cuttings liquid and saturated rock cuttings, are 
denoted by a\ and 02, and the global conductivity of the system is denoted by a*. 

In order to take account of the mixed character of the two media, the method 
according to the invention has been implemented from techniques resulting from the 
5 mean field theory as described in the following publications: 

- Berryman J.G.: "Mixture Theories for Rock Properties", Rock Physics and Phase 
Relation, pp.205-228, 1990, or 

- Bruggeman D.A.G.: "Berechnung verschiedener physikalischer Konstanten von 
heterogenen Substanzen", Ann. Physik.(Leipzig), 24, 636-679, 1935. 

10 Any other method taking account of this "mixed" character could be used without 

departing from the scope of the invention. 

According to a first approach referred to as self-similar, the following relation can 
be written: 

h(x)x S-l£l + /(y)x ' =0 with:h(x) = l-f(y) 

a x +2cr* <r 2 + 2cr * 

1 5 where h and / are functions of the volume fractions taking account of the shape of the 
grains that make up the cuttings. For example, in the case of spherical grains, we have 
the following relation: f(y) = y L with L = y^. 

i.e. (1 - /OO) x ^'T** + x ai ~°\ = 0 CD 

We can then write the previous equation for the two experimentally measured states 
20 (A and B): 
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St ate A: cr, = a A 

^= Ua /ff 



0-/00)* 



<*A +2cr A 

StateB : cr, = a B 



= 0 (2) 



7ff +2ct a 



cr* = cr B 



cr^ +2cr 5 



/ ff + 2<=Tb 



Equations (2) and (3) can also be written as follows: 



/oo=- 



1- 



FF~ a A 



/FF 



+ 2cr A 



* 



(4) 



l- 



'FF 



+ 2a* 



a R +2<jr 



a n -err 



(5) 



The functions allowing to take account of the shape of the grains (h and f) are 
unknown and difficult to estimate. The interest of performing the measurements with 
two inter-cuttings liquids then clearly appears: the combination of Equations (4) and (5) 
allows unknown f(y) to be removed. 

In fact, by combining Equations (4) and (5), we obtain: 

^ A /fF ~~ a * A x ^+2<x* 
* + a °a-°a 



+ 2a* 



(6) 
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By putting K A = 



( a A +2a A 



K B = 



ct b +2<tb j x _ °a/ ff 3 we obtain a second- 



degree equation that we can solve analytically, 

{K B -K A )X 2 +[K B {2a A -a B )-K A {2a B - a A )]* + 2a\a B {K A -K B ) = 0 (7) 

Solution of this equation always gives two real roots because the discriminant is 
5 always strictly positive, 

Delta = [k b {2a a -a B )-K A {2a B - a\ )f + %a\ a B {K B -K A ) 2 
2{K B -K A )a A 



FF = 



- {K B {2a A -a B )-K A {2a B -a A ))± jDe~Ua~ 



(8) 



Between the two solutions, only the solution that is physically acceptable is kept 
(FF>0). 

According to a second procedure, a derivative approach is used and the following 
10 relation between ai (conductivity of the inter-cuttings space), 02 (conductivity of the 
cuttings) and a* (global conductivity of the system) can be written: 



{a 2 -a, \cr*J 



(11) 



The previous equation can be applied for the two experimentally measured states (A 
and B): 



13 



State A : <j x - cx A 



'FF 



<? — & A 



7FFZ1A 

V Sa /ff~ <7 ^) 

State B : cr, = a B 



4 =1 -/o>) < 12 > 



a 2= aA /FF C7 * = C7 B 



'FF 



"4 =1-/00 (13) 



By combining Equations (12) and (13), we directly obtain a relation where the only 
unknown is FF: 



FF 



-<J A 



\ /FF 



-<J A 



V 



/FF B 
V /FF a * 



(H) 



If we now put K A = \^rjK B = ^~""^~J and X = ^ /FF* we obtain a second " 
degree equation in X, 

(K A -K B )X 2 -[k a {cj a + a B )-K B (a B + a A )]x + K A a A cr B -K B cr B a A =0 (15) 



The discriminant of this equation is as follows: 
1 0 Delta = [k a (ct a -a B )-K B (cr' B - a A )} + 4K A K B (ct' b - a\ ){a A - a B ) 

and leads to two real solutions among which only the acceptable physical solution 
(FF>0) is kept: 



FF = 



2(K A -K B )a A 



(K A (a A +a B )-K B (a B +a A ))± -J Delta 



(16) 
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Validation of the method by comparison with reference measurements 

A series of experiments was carried out from rocks of various permeabilities and 
porosities in order to compare the results obtained with cuttings according to the two 
procedures described above with measurements obtained by means of a conventional 
5 procedure using a core. 

The results are given in the crossed diagrams of Figures 5A and 5B, where the 
ordinate axis represents the value of the FFT measured on core (FFC) and the abscissa 
axis the value of the FF measured on cuttings with the self-similar method (FFA) and 
the derivative method (FFD) respectively. The table of Figure 6 groups these results for 
10 various samples (Ech) having different permeabilities (K) and porosities ((()). These 
results show a very good correlation between the reference measurements and the 
measurements on cuttings. Of the two approaches considered, self-similar or derivative, 
it appears that the second one gives the best results. 

It has to be pointed out that the calculation methods referred to as "self-similar" and 
15 "derivative", which were used to determine the formation factor according to the 
present invention, are described here by way of non limitative examples. 



